The primary outcome measure was tumor depth of SCC. Secondary outcome measures that reflected tumor aggressiveness included perineural invasion, regional metastases, nodal metastases, disease-specific death, and overall death.
T he approximately 100-fold increased incidence of squamous cell carcinoma (SCC) in solid organ transplant recipients (SOTRs) compared with the general population is well documented in the literature. [1] [2] [3] [4] This risk increases for SOTRs with greater cumulative time spent receiving immunomodulatory therapy and with increasing intensity of the immunomodulatory regimen. 5 Overall, the evidence appears to substantiate that a subset of SCCs in SOTRs can behave aggressively. [6] [7] [8] The consensus for clinical practice by transplant physicians is to manage all SOTR skin cancers as higher risk for local recurrence and metastasis. American and European transplantation organizations recommend skin cancer screening for renal transplant recipients every 6 to 12 months. 9 Following diagnosis of SCC, total body skin examination is recommended for patients every 3 to 6 months for up to 5 years, since 95% of local recurrences and metastases are thought to occur within this time frame. 10 In this study, we aimed to assess if current care recommendations for SOTRs are addressing their increased risk of potentially aggressive SCCs by comparing differences in behavior and outcomes of SCCs between a group of iatrogenically immunosuppressed SOTRs and a control group of immunocompetent patients.
Methods

Participants
The Yale Dermatopathology database was searched for all carcinoma specimens biopsied at Yale Transplant Dermatology Clinic between January 1, 2008, and December 31, 2015. Two hundred eighty-nine patients had a biopsy performed with pathology report results containing the term carcinoma. Patients without a diagnosis of primary SCC (eg, basal cell carcinoma, SCC in situ, and recurrent SCC) were excluded. The electronic medical records of 105 patients with SCC confirmed histopathologically were reviewed to determine immune status. Seven patients, who were not SOTRs or who lost their transplant to rejection before the study period, were excluded. The remaining 98 patients who were either immunocompetent or SOTRs and had SCC confirmed histopathologically were included. Approval for the study was obtained from the Yale University institutional review board. Informed consent by the participants was waived by the Yale University institutional review board for this retrospective study.
All Yale Transplant Dermatology Clinic patients received standard sun protection instructions during each visit. Patients with extensive actinic damage, actinic keratoses, or multiple well-differentiated SCCs in situ were offered field cancerization treatment options, such as imiquimod, topical fluorouracil, or photodynamic therapy. The immunosuppressive regimens of SOTRs developing multiple SCCs may have been revised to substitute a calcineurin inhibitor with a mammalian target of rapamycin (mTOR) inhibitor such as sirolimus. Patients who developed more than 5 SCCs per year may also have initiated acitretin chemoprophylaxis therapy. Immunosuppression dosage reduction or discontinuation was considered for SOTRs who developed more than 10 SCCs per year. It was recommended to patients with confirmed nonmelanoma skin cancer within the past 2 to 3 years that skin screening be repeated at least every 6 months. A patient who developed multiple skin cancers and/or skin cancers with highrisk features, such as perineural invasion, was recommended to schedule follow-up visits as frequently as every 3 months.
Study Design
In this retrospective cohort study of patients with SCC confirmed histopathologically, 58 SOTRs were compared with 40 immunocompetent patients in the control group.
Demographic data collected included sex, race, date of birth, and immune status (SOTR or immunocompetent patient). Other variables collected for all patients included date of first transplant dermatology visit, total number of visits at transplant dermatology clinic within the study period, date of first biopsy confirmed as SCC histopathologically, and total number of biopsy procedures undergone by the patient within the study period.
Additional data collected on SOTRs included date of transplant, number of organs transplanted, number of transplant operations, and most recent confirmed immunosuppressive medications taken within the study period. Patients remained in the study until death, last visit with transplant dermatologist, last visit at the Yale-New Haven Transplantation Center, or study end date, whichever occurred first.
For each SCC tumor, the biopsy date, gross description, and presence of perineural invasion were documented from dermatopathology reports. Absence of perineural invasion was assumed unless otherwise noted. Skin biopsy margins were examined in a subset of 76 SCC biopsy specimens randomly selected for reevaluation and tumor depth measurement. Biopsy specimens were reevaluated by 2 board-certified dermatopathologists (two of us, C.J.K. and J.M.M.). Discordance from SCC diagnosis in the 76 randomly selected specimens was noted in 21 specimens, thus 55 specimens were ultimately included in the SCC tumor analysis (eTable in the Supplement). In cases in which the deep tumor margin was transected, the tumor was noted to have "at least" the depth of that measurement. A consensus diagnosis was reached after discussion in cases of disagreement.
Key Points
Question Do current dermatologic screening recommendations address the increased risk of potentially aggressive cutaneous squamous cell carcinomas in solid organ transplant recipients?
Findings This cohort study compared 167 squamous cell carcinomas from 58 solid organ transplant recipients with 111 squamous cell carcinomas from 40 high-risk immunocompetent patients. Differences of tumor thickness and poorer outcomes between the 2 groups were not statistically significant.
Meaning Increased risk for developing aggressive squamous cell carcinomas in solid organ transplant recipients may be successfully managed by close adherence to current skin surveillance recommendations and to a marginally lower threshold for biopsy of suspicious lesions.
Outcome Measures
The primary outcome measure was SCC tumor depth. Secondary outcomes were local recurrence, regional metastases, nodal metastases, disease-specific death, and overall death.
Protection of Patient Confidentiality
Data were stored in a password-protected spreadsheet (Excel; Microsoft) on a secure network server specifically encrypted for storage of electronic protected health information.
Statistical Analysis
Demographic data were summarized using mean (SD, range) or median (interquartile range [IQR]) for continuous variables and frequency (percentage) for categorical variables. Group comparisons were made using the χ 2 test or Fisher exact test for categorical variables and the unpaired 2-sided t test or Wilcoxon rank sum test for continuous variables. Age-and sex-adjusted negative binomial regression with robust sandwich estimator was used to account for overdispersion of tumor count data. Follow-up time was used as an offset variable to estimate incidence rate. Two-sided P < .05 was considered significant. Data summarization and group comparisons were performed using Stata/SE, version 13.1 (StataCorp LP). Negative binomial regression and Poisson regression were performed using SAS, version 9.4 (SAS Institute Inc).
Results
Patient Demographics
Demographic data for the 98 patients are shown in Table 1 .Of the 58 SOTR study participants, 14 (24.1%) were women and 44 (75.9%) were men; the mean (SD) age was 61.3 (8.4) years.
Of the 40 immunocompetent study participants, 16 (40%) were women and 24 (60%) were men; the mean (SD) age was 69.8 (10.9) years. There was no significant difference in sex or race distribution between groups. The immunocompetent group was significantly older than the SOTR group (69.5 vs 62.3 years, P < .001).
SOTR Characteristics
Some transplant data for the SOTR group are shown in Table 1 . Of 46 patients who underwent a single transplant operation, 26 were kidney recipients, 9 were heart recipients, 4 were lung recipients, 3 were liver recipients, and 4 were combined kidney/ pancreas recipients. The remaining 12 patients underwent from 2 to 4 different transplant operations involving some combination of previously listed transplanted organs. This study reported a wide range of years of cumulative immunosuppression therapy for SOTRs. The mean (SD) number of years that SOTRs were immunosuppressed was 14.6 (9.2) years, (range, 2-37 years). At the end of the study period, the most represented immunosuppressive regimen consisted of some combination of mycophenolate mofetil, prednisone, and tacrolimus and was observed in 10 of 58 patients (17.2%).
Patient Care Metrics
This study included a total follow-up of 369 patient-years for both SOTRs and immunocompetent patients. The 98 patients were seen at 1026 office visits and underwent 1866 biopsies of suspicious skin lesions. Data on patient care received are compared in Table 1 [8] vs 9 [9] ; P = .24), or mean number of 
Tumor Counts
Of 1866 skin biopsies performed on the 98 patients, 756 were diagnosed as nonmelanoma skin cancers, 115 were basal cell carcinomas, 278 were SCC, 1 was an atypical fibroxanthoma, and the remainder were SCC in situ. Data on the number of skin lesions diagnosed in each group are shown in Table 2 However, no significant differences between the incidence rates (with or without age and sex adjustment) of actinic keratoses, SCCs, or nonmelanoma skin cancers were observed between the 2 groups.
Chemoprevention and Field Cancerization
Twenty-three of 40 high-risk immunocompetent patients (58%) and 26 of 58 SOTRs (45%) received a field cancerization or chemopreventive therapy within the study period. Field cancerization is the presence of numerous actinic keratoses to their confluence over a large cutaneous area, typically in sunexposed areas of the body. There was no significant difference in the proportion of patients receiving these therapies (P = .30).
Cumulative Tumor Incidence Among SOTRs
The cumulative tumor incidence of SCC developed during years of follow-up for SOTRs is shown in the Figure, as stratified by median age at transplant (52 years). Regarding years of follow-up and cumulative incidence of SCC, there was no significant correlation in the entire cohort or in each age stratum (entire cohort: r = 0.11, P = .43; younger group [<52 years old]: r = 0.14, P = .48; older group [≥52 years old] r = 0.09, P = .65). However, in a multivariate logistic regression model examining the odds of having a cumulative incidence of 2 or more SCCs, age at transplant was an independent factor associated with a cumulative incidence of 2 or more SCCs after controlling for years of follow-up and years of immunosuppression ( Table 3 ). The adjusted odds of cumulative incidence of 2 or 
Outcomes
Patient outcomes were examined, including local recurrence, regional metastases, nodal metastases, diseasespecific death, and overall death. No local recurrences of SCC were observed among the 98 patients within the follow-up time period. There were 2 SOTRs diagnosed with regional metastases. A man in his 70s, the recipient of a lung transplant, was diagnosed with regional metastases about 8 months after the initial diagnosis of SCC. A man in his 80s, the recipient of a kidney transplant, was also diagnosed with regional metastases of a scalp SCC. Nine months after diagnosis of an SCC, nodal metastases that were likely from SCC were noted in a woman in her 70s who had a kidney transplant. No disease-specific death was observed in the study population. Nine patients (22.5%) in the immunocompetent group and 8 SOTRs (13.8%) died of non-SCC-related causes during the study period. The difference in mortality rates was not statistically significant (P = .26).
SCC Tumor Characteristics
The 98 patients in this study developed 278 histologically confirmed SCCs within the study period. Of these 278 SCCs, 111 (40%) came from the 40 immunocompetent patients, while 167 (60%) came from the 58 SOTRs.
Perineural Invasion
One SCC biopsy result (0.4%) demonstrated evidence of perineural invasion. The histologic biopsy specimen was reported to be acantholytic, and the SCC was located on the scalp of a male recipient of a heart transplant (1 of 167 [0.6%]).
Tumor Base Transection
Tumor base transection was noted on the pathology report in 53 of the 278 SCCs (19%) biopsied, whereas tumor base was not transected in 225 of the 278 SCCs (81%) biopsied in the study population ( Table 4 ). There was no significant age-and sex-adjusted difference in the risk of transecting tumor base on biopsy between the SOTR and immunocompetent groups (P = .24).
Tumor Depth
Tumor depth measured in 55 randomly selected specimens independently confirmed SCC according to 2 board-certified dermatopathologists. The overall mean (SD) tumor depth measured was 1.37 (0.69) mm (range, 0.32-5.1 mm), and the median tumor depth measured was 1.23 mm (IQR, 1.00-1.60) in all specimens. The median tumor depth measured in specimens from 35 SOTR patients was 1.30 mm (IQR, 0.90-1.60), whereas the median tumor depth from 20 immunocompetent patients was 1.22 mm (IQR, 1.10-1.60) ( Table 4 ). There was no significant difference in tumor depth noted between the 2 groups in this study population (P = .53). Nineteen of the 35 tumors (54%) from SOTRs and 8 of the 20 tumors (40%) from immunocompetent patients were noted to be "at least" the measured depth. There was no significant difference between the proportions of tumors that were at least the noted measurement between the 2 groups (P = .31).
Discussion
The SCCs developed by the SOTR cohort did not appear to behave more aggressively than those developed by the immu- nocompetent control population. Of 55 randomly selected, histologically confirmed SCC specimens, 4 SCCs in the overall cohort were more than 2.0 mm thick; the maximum thickness of the SCCs was 5.1 mm, and all SCCs thicker than 2.0 mm occurred in SOTRs. However, we did not find a significant difference in tumor depth between the 2 groups in the study population. A secondary measure of aggressive behavior of SCCs was poor outcomes at the patient level. We described poor outcomes in patients with SCC in this study because of their rarity and general difficulty to compare statistically. All poor outcomes in this study occurred in the SOTR group, and there were too few to determine whether the differences were statistically significant. The approximately 100-fold increased incidence of SCC in the SOTR population compared with the general population is well documented in the literature. [1] [2] [3] [4] Various retrospective studies have found that SCCs in SOTRs behave more aggressively than those in the general population. 6, 7 Solid organ transplant recipients have been reported to develop thicker, more infiltrative SCCs. 11,12 Brantsch et al 13 assessed 615 immunocompetent white patients over a median follow-up period of 43 months and found that SCCs greater than 2.0 mm thick showed a significant tendency to metastasize. Tumors greater than 6.0 mm thick were associated with a high risk of metastasis and local recurrence.
It was important to ensure that the immunocompetent control group was comparable to the SOTR group in as many clinically meaningful ways as possible, aside from the SOTRs' iatrogenic immunosuppression. The SOTR group was demographically comparable to the immunocompetent control group regarding sex and race distribution. The SOTR group was younger compared with the immunocompetent group, and this is consistent with the well-documented earlier onset of SCCs in SOTRs. 7, 8, 14 Multivariate analysis was adjusted for age to control for the association of age difference with outcomes. The SOTR and immunocompetent groups were of comparable health status because there was no significant difference in the frequency of death between groups. An important factor that could limit a study's ability to detect the true differences between groups is the amount of medical care received by patients. The proportion of SOTRs receiving field cancerization or chemopreventive therapies was also comparable to that in immunocompetent patients. After adjusting for variable follow-up time per patient, the SOTR group did have significantly greater patient visit frequency (4 vs 3 office visits per patient per year, P = .02) and significantly greater annual biopsy rate (6 vs 5 skin biopsies per patient per year, P = .04) compared with the immunocompetent group. The greater annual visit frequency and biopsy rate reflect strict adherence to current dermatologic surveillance recommendations for SOTRs and greater clinical suspicion about the clinical course of the lesions that develop.
The SOTRs in the study had a wide range of years of cumulative immunosuppression therapy. Numerous studies have shown that the heightened risk of skin cancers increases with greater cumulative time receiving immunomodulatory therapy and with increasing intensity of the regimen. 5 We did not observe a monotonic increase in incidence of SCCs. In logistic regression, we did not find a significant association between the cumulative incidence of more than 2 SCCs during the study period and years of immunosuppression at the end of the study. Age at transplantation was a more important factor associated with having 2 or more SCCs cumulatively.
Strengths and Limitations
The results of this study should be interpreted carefully in the context of its strengths and limitations. The detection of rare aggressive outcomes in SCC was limited by the study sample size. A considerable 369 patient-years of follow-up were included in this 8-year retrospective study, but larger, multicenter studies would be needed to compare rare poor outcomes of SCCs among SOTRs. We were limited in describing the poor outcomes that occurred in this cohort. This study was conducted at a single institution, which limits generalizability to populations dissimilar from those served by the Yale-New Haven Transplantation Center. However, this feature may strengthen the study because it allows control for hospital-related cofounders and for variations in biopsy technique, which we showed to be comparable between the 2 groups by examining the rate of margin positivity. This nonrandomized, retrospective, observational cohort study was conducted in a high-risk referral population with timely access to specialized transplant care, which unfortunately limits generalizability to the typical SOTR population. The immunocompetent control group was also composed of patients with high-risk skin cancer who were referred to a tertiary medical center. This may introduce referral bias, but it actually strengthens comparisons between the SOTR and immunocompetent patient groups since the immunocompetent group stringently matched the SOTR group regarding possible confounders, such as demographic composition, patient care received, and general tumor outcomes.
Conclusions
The findings suggest that the greatly increased risk of SCCs in SOTRs and the potentially more aggressive clinical course of SCCs may be successfully managed at a level comparable to high-risk immunocompetent individuals by adhering to current dermatologic surveillance recommendations for SOTRs and by allowing a marginally lower threshold for biopsy of suspicious lesions. 
NOTABLE NOTES
Sporty Spots
Helena Jenkinson, MD; Beau DiCicco, MD During the 2016 summer Olympic Games in Rio de Janeiro, Brazil, many viewers questioned the origins of the purple spots seen on US swimmer Michael Phelps during a relay event. Similarly, in recent years public attention has been drawn to the tell-tale circular markings on various other celebrities' bodies, including Justin Bieber, Jennifer Aniston, and Gwyneth Paltrow. The origin of these markings is an ancient practice called "cupping," which uses suction to attach a cup to skin for purported therapeutic benefit. In recent times, the practice has been popularized in the United States as a form of complementary and alternative medicine (CAM) practice. Cupping has been practiced for millennia, in cultures around the world. It is described in the famous ancient Egyptian medical text, the Ebers Papyrus, for use of removing "foreign matters from the body." Ancient Greek physicians, including Hippocrates, Galen, Herodotus, and Aretaeus, also advocated its use for purposes such as treatment of uterus prolapse, epilepsy, and cholera, among other ailments. There are 2 broad approaches to cupping, namely "wet" and "dry" forms. Dry cupping refers to attachment of a cup to the skin via suction, whereas wet cupping additionally involves incision of the skin, so that suction draws blood into the cup. Suction is frequently generated by using a flame to heat air within the cup, thereby creating a pressure differential due to subsequent cooling of air. 1 The distinctive skin markings associated with cupping result from trauma to capillaries caused by suction. Such lesions are typically characterized by circular patterns of ecchymoses and purpura. Use of lubricants to facilitate sliding of cups along the skin may also result in formation of linear streaking patterns. There are numerous explanations for the therapeutic effect of cupping, including improving circulation, removal of toxins from the blood, and restoring the internal balance of yin and yang. The purported benefits of this therapy are myriad and include muscle stimulation and soothing of aches and pains, which may explain its appeal to athletes. Reported dermatological applications include treatment of acne vulgaris, herpes zoster, and urticaria. 1 Perhaps not surprisingly, the efficacy and safety of this treatment for some of these applications has been questioned. 2 With the growing popularity of CAM therapies, it is beneficial for dermatologists to be aware of the practice of cupping and its cutaneous manifestations.
